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IBM Parallel Port FAQ/Tutorial 

Version 0.96 9/1/94 
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This dociun^ is called an FAQ becauro it answers many commonly as»d questions about me IBM 
parallel port, but it is formatted more as a brief tutcnial. Read it twice before asking for more info; some 
stuff comes late. Most of this I puzzled out for myself from various documention and experiences. The 
IBM documentetipn p»s some errors; Tve had to o'oss correlate various sources including schematics to 
get a cooffis^ ai^Nvoiia^le ^cttue.'^l^nce flie^rst vo^o^ dlliers have contributed informaticm, 
pnx^reading, and suggestions (see acknowledgements). Starting with the original IBM PC, IBM defined 
a standard parallel printer port which has become very widespread. This port uses a female DB-2SS 
connector on the ccMnputer, and a ^)ecial male DB-25P to Centronics male 36 pin "IBM Printed cable" is 
used to connect to standard Centronics parallel printers. This DB-25 connector is possible because about 
half of the Centronics pins carry just electrical ground: The original definition was embodied in tiie 
"IBM Printo: Adwtor", and the "IBM Monochrome Display and Printo* Adaptor" cards. 



An electrical "high" (on a pin or line) is TTL high, +2.4 to +5 volts. An electrical "low" is TTL low, to 
+0.8 volts. A data high is a 1, a data low is a 0. The connection between data (eg: a register bit) and pins 
is direct if a data 1 is associated with an i^iscdcal TTL high, and inverted if data 1 is associated with TTL 
low. An overall connection (data to TTL to data) is considered direct if outputing a 1 produces a 1 m 
input at the other end, or inverted if putputting a 1 produces a on the other end. Pin labels, like 
Strobe" or "+Busy", are as d^ed by the pnot&^'iu^ by IBiai'ttte'^teSi^*-^* (^d«l#'8{fiii<y «S*^er the 
name) implies that the signal is "active low"; that is, that when tiie signal is in its active state when 
electically low. The "+" prefix means "active high", just the opposite. I have labeled the Data Out 
raster bits as DO to D7, with DO being the least significant bit and D7 the most signficant. The Control 
Out Vi&f^UllMed^e^ €3 (mm «tidr^t^ igo to pins) and €4 ffbr IRQ eriaMe); aM maybe 05 
(for bidirection ports only, controls direction). The Status In bits are labeled S3 to S7 (correspcmding to 
data and CPU bit positions). Often I will suffix CO to C3 and S3 to S7 with a "+" or "-" as a reminder of 
whetho* or not that register bit is inverted as compared to the output or input pin it is associated with, "-" 
is for invoted, of cowse. All ibt IkAa Out bits are direct (not inverted); likewise (tetft in-for W)£rectioaal 
printer ports, but I have not bothered to suffix a "+". Hexadecimal numbers are prededed by "Ox", the C 
convention. A "tristated" or disabled electical output basically disconnects the (xitput from the line or 
pin (high impedanceX n^tho" driving it high nor low. 

3. Addresses, inn^i[|^llliMi|rtriilJDP& 1 am I mii ai-jn -j^iiaiq .luwnj; '"ifiri -jrU Ltkv/oi 

IBM defined three standard port base addresses (in 80x86 10 address space). The Printer Adaptor could 
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use base address 0x378, or later 0x278, while the Monochrome IX^lsjr and Printer Adaptor used base 
address 0x3BC. The IBM BIOS define RAM space fen- 4 parallel printer port base addresses, stored as 
4 16 bit words starting at main memory address 0x408. During bootup, the BIOS will check for paralld 
jmnter ports at base addresses Ox3BC, 0x378, and 0x278, in order, and store the base addresses of any 
lhat are found in consecutive locations in this table. Unused entries may be 0, or some BlOSes fill tl^n 
with the first port address found. Some software may ignore this table, but it is used by at least the BIOS 
itself (eg: INT 17, Printer I/O), and by DOS, as described below. The BIOS detects these ports by 
writing OxAA to the Data Out register (at I/O address Base+0), reading the Data Feedback register 
{stmt address), and deciding tiiere is a port installed 'if it reads OxAA. This could be confiised if any 
lilies are externally pulled up or down (or if the port defaulted to tristate, or if there is another readbadc 
device register at tiiat address). The BIOS also counts the number of parallel ports it found and stores 
this count in the upper two bits of the byte at 0x4 1 1 (yes, the table can hold up to 4 entries, but the BIOS 
e(|aipmait fli^ prints count only goes to 3). Warning: hMkf^msliA^^iiBilit ^xemwrnA^aria 0x400 
lA^di contain up to 4 entries for base addresses for serial C^^fl/fK»ts. At least some serial port software 
is known to store more than 4 entries, thus overlapping the parallel port table. Hopefully this is rare! 
DOS (MSDOS and IBM DOS) maps these as LPTn devices. Unlike COMn devices and comm pcMts, the 
name mq>ping varies dq)ending on whether or not there is a Monochrome Display and Printer Ad^tcxr 
card or not. The first entry in the BIOS table at 0x408 becomes LPTl, the second entry LPT2, and tiie 
third entry LPT3 (if there are that m|ny). The DOS device "PRN" is really software aUas for another 
port, by ddault 1^1; use tiie^<6£m cbnimand to diange'lius aliasing. The ^lov^ong table has 
"typical" assignments. Note that by sv^^agtiie entries in the BIOS table at 0x408, yew can change 
which physical ports are asaiped to IJPTl,l]h!2» ete. Severa^;^p^^|^^^^i^y^^|^^g^ ds^psltthat 
Typical Assignments i > r i 

.MD&A no MDPA ' 

j «f»nr'- •'.•fit-'.- ••oi>fil jh- .V i,.' I,. .:, -jful-K s , 



dx3BC 


LPTl 


n/a J 




0x378 


LPT2 


LPTl 


Primary Printer Adapter 


(|x278 


LPT3 


LPT2 


Secondary Printer Adapter 


Name 


mm 


BO 




LPTl 


0x3BC 


0x378 




LPT2 


0x378 


0x278 




4PT3 


0x278 


n/a 





4. Registers addresses wiAin the parallel printo* port: 

Port R/W IQAddr Bits Function 



Data Out 


W 




D0-D7 


8 


LS TTL outputs 


Status In 


R 


Base-t-l 


S3-S7 


5 


LS TTL inputs 


Control Out 


W 


&ase+2 


C0-C3 


4 


TTL Open Collector 
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" » «t c4 internal, IRQ enable 

" " " C5 internal, Tristate data [PS/2] ' 

■• ' ! ;t ■•. .. fiii^ rtfife otzi ii' •!= -p^-ifi I ■•;>.-j->' , ^fi'l" 

Data Fe«<|back R Base+O O0-D7 matches da t^ Out 

Control FeedbJt' R : Base+2''' 'riJo^eaii- i9At<*«ea ^Cdri«i*la» 'o3d bfiSfeni tfxi .btJ-fiiix )»; 

" " " C4 ., inti^rnal, IRQ enable readback , . 



The Feedback registers are for diagnostic purposes (except in bidirectional ports, wh^e Data Feedback 
is used for data input; and the IRQ enable C4). , . s 













»,.> *\ - V.-n • ^ 


<« in 


DB25 


Cent 


Name of 


Reg 




=> out 


pin 


pin 


Signal 


Bit 


\ ■> iWo^ no ' I'll 

Function Notes 


"> 


1 


1 M-V 


5y=..-^Strob<^v, 




,,.^jtt- .]fi9w-'puJt^e '>(>..5 /iis^^ to isend 


»> 


2 


2 


Data 


DO 


Set to least significant data 


=> 






^.^jjpata,, 1. 




n\\-,' • , vh: ^ •jiv.Wi ,V f - ';V!r<v/i- ,(>Yv''. 


«> 


4 


4 


Data 2 


D2 




a> 


5 


5 


Data 3 


D3 


» • * 


=e> 


e 


6 


Data 4 


D4 


' -x. \^.. ■' 


ae> 


7 


7 


Data 5 


D5 




»> 


8 


8 


Data 6 




'j*U$l*\H ^luVjttl; i'W.f 


■=> 


9 


9 


Data 7 


D7 


Set to most significant data 


<« 


10 


10 


-Ack 


S6+ IRQ Low Pulse - 5 uS, after accept 


<-= 


11 


11 


+Busy 


S7- 


High for Busy/Offline/Error 


<■! 


,10! J'! ;■ 

12 


12 


+PaperJ||^ ^ 




Higii for out of paper. '.' 


<* 


13 


13 


■fSelectIn 


34+ 


Hlgb for printer selected 


*=> 


:: IHfe -■ 


14. 


;,. -AutoFd 


01- 


■ ■ ? 

Set LOW to autofeed one line 


<« 


15 


32 


-Error 


S3+ 


Low for Error/Of f line/ PaperEnd 


=> 


16 


31 


-Init 


C2+ 


Set Low pulse > 50uS to Init 


»> 


17 


36 


-S«lect 


C3~ 


Set &»w to sdeet ftsittter 
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18-25 1^-30, Ground 
33,17,16 



Note: Some cables, ports, or connectors may not connect all grounds. Centronics pins 19-30 and 33 are 
"twisted pair return" grounds, while 17 is "chassis ground" and 16 is logic ground". "<= In" and "=> 
CM" ai« ^ited from the viewpoint of the PC, not the printer. The IRQ line (-Ack/S6+) is positive edge 
triggered, but only enabled if C4 is 1 . Here's the same data grouped for ease of ref«-«ice by Contrd Out 
and Status In rasters and pins. (Data Out is straightforward in previous table). 



<» 


in 


0B25 


Cent 


Ummm of 


Reg 






out 


pin 


pin 


Signal 


Bit 


Itusctiott iNtotes - — 


— 






17 




36 


^Select 




C3- 


Set Low to select printer 






16 


31 


-Init 


C2+ 


t^Mi |^ii-»e ->- -SOUS- init 


s»> 




14 


14 


-tetoFd 


Cl- 


Set Irfsw to autofeed one line 


»> 




1 


1 


-strobe 


CO- 


set Low pulse > 0.5 us to send 


<« 




11 


11 


+Busy 


S7- 


High for Busy/Ofdine/Error 


<«« 




10 


10 


-IVck 


S6+ IRQ 


Low Pulse ~ 5 us, after accept 


<« 




12 


12 


+PaperEnd 


St4 ' 


High for out of paper 


<» 




13''' 


i3" 


+Selectln 


S4+ 


High for printer selected 


<- 




15 


32A'*^' 




i>y»<->vii(jHP.<' .■■•"■1' 





^ Hfe^i^dl Ah:i vdi'lo otdftn. ijnisjnibjlu rl/n^iiavbcfst "lo /;i'.ii/!<:fef>q 'aih /{liv/ fJ'ji a^u^ w 



See also the tutorial section below on TTL oulputs. The Data Out pins were orginally driven by a 
74LS374 octal latch, which could source 2.6 mA and sink 24 mA. There were 0.0022uF ca|>adtors 
between ^ch tine and ground to reduce transients. The manual warns "It is essential that the external 
device not try to pull these lines to ground", as this might cause the 74LS374 to source more current 
than it could handle without damage. The Feedback input port for the Data Out register con^sted of a 
74LS244 tri-state buffer, it is uninvertfed. Note that this port is only for diagnpstics - if tt my time the 
feedback buffer for the data port does not niatch the data being output, there is an error (eg: a line stuck 
high or low). Exception: bidirectional printer ports allow the 74LS374 (or equivalent) driver chip to be 
tri-stated, which makes the data feedback port into a legitimate unlatched input port. The Control Out 
pins Vfere if^l^ im^^mlkigopetiMMm^ks^p^^ '% ^ Via 4.7K resistors. All 4m 
Baes except C2 are inverted before going to output pins; data line C2 is double inverted before going to 
pin 16 (ie: is not inverted). The Feedback input for the Control Out register also inverted all but C2, 
which was passed through uninverted. It is possible to use some or all of the control out port bits for 
input, by prograomiing ihe ccOTe^KHidiii® oantodl mxtto ht^ (ranembmng the invet^eii on CO, CI, 
and C3X in vM<M am tl» opm cdlec^ oatfJiits are ]»jll«d by re»iiQfs; any extefSoUy 
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applied hig^ will i^n the hi^ state, y^le an ^eternally applied low will pull down the dedi^ levd 
to low. TTiis can be read via the corresponding feedback bit(s). If either the output from the cotttrci 
register, or an externally applied signal, are low, then the input will be low. Remember the inversions 
between this electrical level and the bits, tho. The Status In register is inverted for only pin 10, raster 
Wt S7. ESD (from Stes^ M. Sdinrf ) LSI iintrf e menta ti < wi dTflie paralld port have clW Had serioQs 
El^ (dectrostatic discharge; includes static electricity) problems. National and other high-end 
manufacturers have added extensive anti-ESD circuitry to the parallel port signal lines; on cheap parallel 
port designs on some other SuperlO clones ESD can easily destroy the parallel port circuit when you 
turn liie printer cnwiwnllieooaipiier is off 

7. TlmiiMr i r « 



The original IBM Printer Adapter which came out along with the PC (floppy disks, pre XT) was built 
from TTL MSI parts. They (and their clones) were fast enough to work with the later AT bus, now 
called ISA, and still do. I've yet to hear of a TTL printer adapter which is too slow for an ISA bus. Partly 
this is because it was simple and fast in bus access (unlike the serial port 82S0 chip), and partly this is 
becmiseevmf^486'sidawtiidr ISA bm <lowB to 8>n MHz typical ~' 

8. WUm to Prmt to a stwidard printor. 

This is as dsGnmsd f<x eady IBM print^s, and m<xe or le^ compatible \^th most others that use die 
CiMii>m» 36 pill iateifiKX. ^■^-'■','As!ui.rlaisi^jindtouni;/:j^..:n'^^uin.^-j^^ 

Wait for not +Busy (+Busy low) 
Set Data Out bits 

intfT»j lift f|»«d ZCH ^.H \\:< } Ml U-lUUy' In Wi;- '■rj.ri.-AV'>: . '! - i i;,; . .. „; : 

at .Ieast.v0t5 US ^lay . : .. -niJAt .'/ RlsiL 

hold Data Out for at least 0.5 uS after end of -Strobe pulse 
Some time later, printer will pulse -Ack low for at least 5 uS 
Printer may lamtc -i-Busy *dien it raises -Ack at end of pulse 
Set other Control outputs or check Status inputs as desired. 



9. BIOS Printer Support 

The PC ROM BIOS detects and initializes the printer ports on bootup, and provides printer support via 
INT 17 (and indirectly uses this in INT 5 "Print Screen"). The detection and building of a printer port 
base address table is described in the Soft Addresses section above. To control the printer via the BIOS, 
call TNT 1 7 widi the {Hinter number in DX (0 to 3, indexing into die four oitiy taUe at 0x408 mendoned 
in the Soft AMiem» sectioii ttmtt), and tte denied fiim;^ io AH. Fmedms: 

AH » 0: print the character in AL 

AH = 1: reinitialize the port, return status in AH 
AH = 2: return status in AH 



k^y/www.timgolds^iLCora/OCyPaniUelPoi^ri 



8/15/2003 



IBM Parallel Port FAQ/Tutorial Version 0.96 



Page 6 of 20 



BIOS (^wnttioii noles fdlow. 

The BIOS nomaily keeps tlie Oaat^col rogister value as OxOC: 
C5 =» => output enabled (for bidirectional only) 
C4 « => IRQ disabled 

C3 = 1 «> -Select pin low (Printer Selected) 

C2 1 »> -Init pin high (Printer not being initialised) 

CI = => -AutoFeed pin high (No Auto Feed) 
CO = => -Strobe pin high (No Stobe) 



The BIOS priatt s climeter (fiiactioii AH » 0) as Mows: 

• (Uses only Status in S7/+Busy and Control out COZ-Strobe) 

• Write character to Data Out (IX)-D7) 

• Wait for bit 87 to go to 1 (-Busy pin to go high/low?) 

• Timeout and return if this takes too long 

• Set CO to 1 ^ a iBkameconds (-Strobe pin pulsed low) 

This assumes that the pintCT wf^isheady^ ^^^9^\J ? ^M W ^^^^'^^ rdnitializing ttte j>iinter!^f?i9Ctioo 
AH= l)thus: 

• SetC2»0^ai^'||ipi^ip^ 

The BIOS returns status in AH (functions AH = 1 or 2) is as follows: 



I 7 I 6 I 5 I 4 I 3 1 2 1 1 I I vwv* M i-i<'.Hft'^V\ ' V \v' a>\> l::^■A■Av- 
l I I I I not used | 1 = "Time Out" (software) 

I I I I I, 1 = "I/O Error" (inv C3+; -Error pin low) 

I I I I 1 = "Selected" (C4+; +Selectln pin high) 

I I I 1 = "Paper Out" {C5+; +PaperEnd pin high) 

I I 1 = "AcJcnowledge" (inv C6+; -Ack pin low) 

I 1 » "Not Busy" (C7-; +Busy pin low) 

The high 5 bits of this are essentially the Status In register from the printer port, with bits 6 and 3 
inverted (ie: XORed widi 0x48). The low bit is gen^ted by BIOS software after a timeout In the 
odpmd rc, tiaweHt dehors were geaw^ 
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10. IRQ's 

The primary IBM Printo' Adapter (base 0x378) and the IBM Monochrome Display and Printer Adapto" 
(base Ox3BC) are allocated hardware interrupt 7 (IRQ 7), which is wired to INT OxOF. If bit C4 of the 
Control Out register is high, then input line "-ACK" (DB 25 pin 10, Status Register bit S6) will be wired 
to the IRQ 7 bus line. A riang edge (low to high) an -Adcnowlec^ WoRoe a rising edge on IRQ 
7, which will trigger an interrupt if that IRQ is enabled in the 8259 interrupt c(Mitn>Ua- chip. (Note: the 
MCA bus is level sensitive rather than edge triggered). Both cards use the same interrupt, and the ISA 
bus does not share interrupts correctly, so no more than one of these ports should be enabled at the same 
time (or the 74LS125 diips driving the PC bus will fight). Seoonduy Printer Ad^)tei5 (base 0x278) are 
supposed to use IRQ 5 (INT OxOD) for their interrupt; note that on the PC (pre- AT) this would have 
conflicted with the floppy disk controller. This IRQ is even more commonly "stden" for other usage: 
EGA, soundcards, network cards, etc. The idea was apparently to use this IRQ as part of the printer 
Mv&r, modi as the sedei p(»t IRQs can be used as part of comm drivers. Unfortunately, typical timing 
on printers did not allow this, so most (neariy all) DOS software does not use the printer port IRQ for 
driving printers. It's often considered "up for grabs" and some soimdcards like to use IRQ 7. Some other 
operating systems may use it for the printer port, as may some parallel p«rt transfer programs. 

11. BMfar«eteiil Pterts 

The IBM PS/2 sedes added one feature to the parallel ports: bidirectional support. This was done by 
using oae»ttioi4»4^%i'tfie€eiM €klkw^s»»m^ea/m€l>inMifmi^ Om pm.WhmW C5 is 

0, the Data Out port operates as it did for earlier parallel ports (driver enabled); when C5 is set to 1, 
though, the Data Out port is tristated, which means that it is essentially electically disconnected from the 
pins (high impedance state), not driving them high nor low. This allows the data feedback raster to 
oxrecdy read any externally applied TTL signals m tiie corresponding data jnns, effectively making 
this an input port. Interestingly, the original IBM Printer Adapter, and many eariy clones, had everything 
needed to become bidirectional. The 74LS374 chip has a chip. |^ia]c)le pin which can tristate the 8 data 
outputs, but it is usually wired to ground to always enable the ouQnit ^vers. The 74LS174 latch used 
for C0-C4 is actmdly a hex latch and processor data bus line 5 is attached to the sixth latch input; that bit 
IS latched when you vmte to the Control Out register - but the output (Q6 on the 74LS174) is not used 
by anything. If you cut the trace from pin 1 (/OE) of the 74LS374 to ground, and connect this pin 
tnsl«^ to lan 15 (Q6) of the 74LS174, voila - you have a PS/2 compatible bidirectional parallel port. 
This only works on the older discrete TTL parallel ports, including the IBM Printer Adapter and at least 
some clones of that era. One theory is that IBM had a bidirectional port in mind initially, but decided to 
omit that aspect at the last moment (even while still latching the C5 bit from the processor into the 
LS174 hex l^h). Tbetc are now PS/2 ccnnpatible third party bi<&recti«ml parallel pcMts. The cost for a 
TTL bidirectional port sdioidd have been identical, but now that parallel ports are done with one LSI chip 
(or a fraction of one), this mil require an appropriate LSI chip. Apparently some of them now have 
bt£recti(Hial ports, some do not. Note that some people have for many years been using the standard 
(not bidirectional) data out port as an input prat. They output data OxFF, that is, all high. Any pins whidk 
are externally pulled low via TTL or switches will probably read as low (0) in the data feedback register, 
because TTL low (»nking current) tends to be stronger than TTL high (sourcing current), and tend to 
"win" when there two drivers fighting on the same lin^. An extonal hi^ signal, or no signal, will idlow 
tibe pm (and data bit) to remain high (1). This is NOT reccommended, as it stresses the 74LS374 (or 
equivalent) beyond its safe margins and could cause chip failure. However, some people report doing 
this for years without problem. Note that all recent parallel ports are implemented with single chip LSI 
contnrflm rather tiian the MSI TTL rai^mds, vMdb means that libey may have (fi£^nent ^ve 
capacities, electical margins, and replacement costs, should you attempt diis approach. Sometimes the 
LSI controUar also includes oth&r functions, such as serial ports or a mraiodirome display prart; if it 
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overheats, more than just the parallel port could be damaged. Beware. However, if you have an old TTL 
parallel pcMt (wilfa a 74LSS^74 dup, fnfi^^s^ly socketed), it may be easy and cheap to replace if tfiat clup 
should die. I bought TTL parallel port card clones, fully socketed (all chips!), for about $15 mail order 
about 5 years ago. The bidirectional conversion was a trace cut and a wire jumper. The 74LS374 was 
easily replaced, if it were damaged or if one wanted a better chip like the 74ACT374. You could even 
^Fsp it for aiiy base address (including non standard ones, so as not to conflict). I msdi I could get mor^ 
there must have been scads of these on the market. You may find old TTL printer ports used; latch <mto 
diem if you want to experimoit with parallel p<xt interfaces (pun acknowledged). One last electrical 
note: if you use any sort of bidirectional parallel p<»t for inputs, be sure to tristate it whenever it is 
coBBected to external devices which will drive it. Vfhea Vm moM^ it tidl Way, I put a small routine in 
my autoexec.bat which instates the port in question on every bootup. Or use inline resistors to at least 
limit the current to a safe value. Stevra M. Scharf notes that some higher end parallel port chips "lock" 
ihe directit« coirtitil bit€^.toJiei^€»1iaifi^eHttve softw»i»#e0i'acd&B^id)y dianging the poftt^recticm. 
la particular, he says that "PTRWt 7" of the National Semiconductor SuperI/0 chip must be 1 before 
you can change the direction control bit. I don't have documentation on tins chip, so Fm not sure what 
register PTR is; for now, consider this just a warning. He says that other chips may lock the directicm 
contnrf dififerenlly. 

12. EnbMi^ Ports 

Hiere are at least two specs foe furdier enhanced parallel ports, the EPP (Enhanced Parallel fort) and 
ECP (Enhanced Capability Peat), witii the latter being more ambitious. I would appreciate any qpecs th^ 
can be fonraided to me (or tdsaxmxs) on dither of these. Steven M. Scharf gave tiiis table: 

Different Parallel ports on NSC Parts 

— — — — — — -■ — — ,.■■('. 

PC87311 Bidirectional Parallel Port {16450 UARTS) 
PC87312 Bidirec1:ional Parallel Port (16550 UARTS) 

PC87322 Bidianced Parallel IfortuwfBSm ' AiS^S^ «»I^!S*^?. '. •?. )>? i ,^v j A i • .?. 
PC87332 Enhanced Capabilities Port (BCP) also BPP 1.7 and 1.9 (16550 UARTS)* 

*Fl^py controller signals can be redirected out the parallel ^gj^ pins 
via aai internal siultiplexor. Ttiis feature is used in sotte 8Ub-not^>o<^<v / 
with external floppy drives 

13. Copy Protection Dongles 

(Ftoca info provided by Stevoi M. Scharf ) Copy protection dongles typically wii^'l^ daHkU^es fer 
patterns of data without any -strobe signal (pin 1, controlled by CO-). That is, the copy protection 
software writes various patterns to the data lines without every pulsing the -strobe line. Without a pulse 
on HStivbe, any printer also attadied to the port sAiould ignore this data. Not all dongles work on all ports; 
this strobeless method is a bit more temperamental than regular printer output. Steven M. Scharf: "I 
heard one (k»^e manufa irturar complain to me d>out a paralldi port from Taiwan that tristated aU the 
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data lines between every write to the data lines. This presented a pattern of FF to the dongle, but had no 
effect on iiajprn'^ smoc ^Amtpyms na^robe. In ^ case tlie so^vwu%, was writing a sequmice<rf'bytes 
to the dongle and it didn't work due to the FF in between each expected real byte." "The dongle also 
draws power from the signal lines— a definite no-no. Dongles should be designed to operate all the way 
down to the minimum TTL low or at least to minimum Vout High of 2.4V. If your dongle doesn't work 
but your printer works fine th«i it is almost certainly the fault of the dongle-not the parallel port 
Software with an incompatible dongle to the parallel port on a machine will not vi^^i|^^^^that 
machine-one more reason to not penalize the l^^^^bj?y|^|rf s9fe|(;^"i, t , hJ, c^^ 

14. Oiker devices: 

From: geo@netcom.com (George Pontis) "Another area that might be of interest in your document 
would be some comment on the parallel port extenders. I have a xmit/rcv pair from LinkSys that I 
bd^t fiaom Fry's Electronics for about $70. They convert the parallel signal to a serial data stream, 
uaUigthe signal and control lines for power. My set was working fine until I added a hardware dongle 
for an expensive Windows application. Then, printing ceased to work reliably. I took the transmitter 
apart and partially traced the schematic. They have used 7 diodes to suck power from pins 13, 14, 15, 
17, 1,2, and 3. AJso, they coimected pins 15 (ERR) to 16 (JNTT). The strobe line is coupled in to a flip- 
flop, which starts clocking the parallel loaded data." Comment from Zhahai - with both a dongle and a 
parallel port extender tryiiig to draw power from the port's data or control (not power) lines, its not 
surprising if things (kmt always wofk! It must be really pushing the specs. 

■ t 

15. tramaSmwvag Duta Via Porte 



There are three basic ways to wire IBM printer ports together to transfer data between them. The most 
cotBOMm is to wire DO -D4 (or D3-D7) fiom one potto S3 - S7 fix»n the o^ba pott, and vice versa. In 
this way, 4 bits of data can be put out by one (eg: DO - D3) and read by the other (eg: S3 - S6); the od^ 
bit (eg; D4/S7) can be used for synchronizing (eg: Data Ready). If data is transferring one way, the 
Dti/Sn path the other direction can be used for acknowledgements. In this scheme, you must remember 
^t S3 - S6 read the inverse of tiie other computo's DO - D3 data bits, but S7 has the same value as D4 
(or D3 - D6 and D7 respectively, for the altematte wiiiE^). Also remember that S6 and S7's ma{q»i^ to 
pins is swapped in order from the others. 

liw Trwi^ Moilei ami Cdto 

Mode 1 A: nibble mode, using Data Out to Status In connection This version worics with all parallel 
ports; C(»nmercial xfer software style. 

Side 1 Pin dir Pin Side 2 comtection 



DO 


2 


»> 


15 


S3+ 


direct 


Dl 


3 


=> 


13 


S4+ 


direct 


D2 


4 




12, 


S5+ 


"ditejct' - 


D3 


5 




10 


S€+ 


direct 


D4 


€ 


»> 


11 


S7- 


inverted 
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S7- 


11 


<= 


6 


D4 


inverted 


S6+ 


10 


<» 


5 


03 


direct 


S5+ 


12 


<» 


4 


D2 




S44- 


13 


<« 


3 


Dl 


direct 


S3+ 


15 


<= 


2 


DO 


direct 




25 




25 




(grotuul) 



Mods IB: mM>le mo^, uni^ Ihta. Oat to StM b CBgtsmSam TMs vernon wofks pmdM 



Sld« 1 Pin dir Pin Side 2 connection 



D3 


5 


«> 


15 


83+ 


direct 


D4 


6 


«> 


13 


S4+ 


direct 


D5 


7 


«> 


12 


S5+ 


direct 


D6 


8 


»> 


10 


S6+ 


direct 


D7 


9 


m> 


11 


37- 


inverted 


S7- 


11 


<» 


9 


D7 


inverted 


S6+ 


10 


<« 


8 


D6 


direct 


S5+ 


12 


<« 


7 


D5 


direct 


S4+ 


13 


<» 


6 


D4 


direct 


S3+ 


15 


<« 


5 


D3 


direct 




25 




25 




(ground) 



Mode IC: nibble mode, using Data Out to Sta^l^e^Mcifio; CenaMtiKWBdfo ad^iottd immGum. 
This va^cm worics with all paralld ports. 

side 1 Pin dir Pin Side 2 connection 
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D3 


5 


«> 


la 


»3+ 




D4 


6 


«> 


13 


S4+ 




D5 


7 


=> 


12 


S5+ 


direct 




8 


«> 


10 


S6+ 


dicect 


D7 


9 


*> 


11 


S7- 


Invez'ted 


S7- 


11 


<*= 


9 


D7 


inverted 


S6+ 


10 




8 


D6 




S5+ 


12 


<« 


7 


D5 


direet 


S4+ 


13 


<« 


6 


D4 


direct 


S3+ 


15 


<= 


5 


D3 


direct 


CO- 


1 


<»>* 


1 


&0~ 


dlcect 


Cl- 


14 


<«>* 


14 


Cl- 


direct 


C2+ 


16 


<«=>* 


16 


C2+ 


direct 


C3- 


17 


<->* 


17 


C3- 


direct 




25 




25 







* Note: Control Out bits on receiver set high (including inversion, ie: C0,C1,C3=0; C2=l). Control 
fb^badc c« recover can read cootrcd out fh»i send^. Cui use sonie lines each way, and could switdi 
CO - C2 and CI - C3 for symmetry if we want two lines each way, or other variations. Mode 2; 8 bits, 
luiii^ bidirectional paralld port This version works only with bidirectional parallel port whose Data Out 
can be trist^ed; the recdving sade must tristate its Data Out port to use its feedback register as an 8 bit 

Side 1 Pin dir Pin Side 2 connection 



DO 


2 


<->* 


2 


DO 


direct 


Dl 


3 


<»>* 


3 


Dl 


direct 


D2 


4 


<=>* 


4 


D2 


direct 


D3 


5 


<=>* 


5 


D3 


direct 


D4 


6 


<»>♦ 


6 


D4 





msmm 
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D5 


7 


<»>* 


7 


D5 


direct 


D6 


8 


<=>* 


8 


D6 


direct 


07 


9 


<»>* 


9 


D7 


direct 


CO- 


1 


»> 


13 


S4+ 


inverted 


Cl- 


14 


«»> 


12 


S5+ 


inverted 


C2+ 


16 


»> 


10 


S6+ 


direct 


C3- 


X7 


»> 


11 


S7- 


direct 


S4+ 


13 


<= 


1 


co- 


inverted 


S5+ 


12 


<= 


14 


Cl- 


inverted 




10 


<« 


16 




direct 


Si- 


11 


<« 


17 


ca- 




Gad 


25 




25 


Gnd 


(ground) 



* Note: bidirectional cards only; receiving side must tri-state with C5=l If a two bidirectional ports are 
left connected in this fashi(Mi, and they are both enabled (eg: aft^ powenq> or reset) with difTemit data 
outputs, then tiw 74LS374 driver dups could be "fighting" . Just to be car^, wbm I <3ealed a d^le like 
this (actually, a DB25 jumper box usually sold for RS-232 jumpering, along with straight through 25 
line DB-25 cables), I used 8 lOK resistors between the corresponding Data lines, to limit current in this 
case. (Actually, a DIP resistor pack fit perfectly on the PC board inside the DB-25 jumper box). The 
imistxxs are lai^ enoi^ to keep TTL ouliN^ ikxB o¥^rtfesi^9^ 

one is disabled and the other enabled, the resistors are low enough to allow the TTL output to drive a 
TTL input well enough. Mode 3 A: 8 bits, using Open Collect<M' Contrcd Ou^uts as inputs This versk» 
uses 4 c<mtrol outputs as inputs, plus 4 status inputs. 

side 1 Pin dir Pin Side 2 connection 



DO 


2 


«>* 


1 


CO- 


inverted 


01 


3 


«>♦ 


14 


Cl- 


inverted 


02 


4 


»>* 


16 


C2+ 


direct 


D3 


5 


->*• 


17 


C3- 


inverted 


D4 


6 


as> 


13 


S4+ 


direct 


05 


7 




12 


S5+ 


direct 
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D6 


a 


=> 


10 


S6+ 


direct 


D7 


9 




11 


S7- 


inverted 


CO- 


1 


<«B* 


2 




inv«rtecl 


Cl- 


14 


<a* 


3 


Dl 


Inverted 


C2+ 


16 


<e* 


4 


D2 


direct 


C3- 


17 


<3t* 


5 


D3 


inverted 


S4+ 


13 


<« 


6 


D4 


direct 


55-^ 


12 


<" 


7 


D5 


direct 


S6+ 


10 


<« 


8 


D6 


direct 


S7- 


11 


<=» 


9 


D7 


inverted 


6nd 


25 




25 


&u3i 


(ground) 



* Note: C<mtrol ou^uts used as inputs must be programmed high: CO, CI, C3 - and €2=1 Mode 3B: 
8 bits, using Open Collector Control Outputs as inputs This version uses 3 control outputs as inputs, plus 
5 status inputs; remaining cosdnd oi^pitf is bidireciicmid - if 1^ hy de&ull, eitJaer can puU low 
(remonber inverted logic). 

Side 1 Pin dir Pin Side 2 ccmnection 



DO 2 «>* 1 CO- inverted 

Dl 3 »>* 14 CI- inverted 

D2 4 «>* 16 C2+ direct 

D3 5 »>* 15 S3+ direct 

D4 6 «> 13 S4+ direct 

D5 7 «> 12 S5+ direct 

D6 8 «■> 10 S6+ direct 

D7 9 «> 11 S7- inverted 



CO- 1 <«* 2 DO inverted 

CI- 14 <»* 3 Dl inverted 

C2+ 16 <«* 4 D2 direct 
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S3+ 


15 


<«* 


5 


D3 


<lLrect 


S4+ 


13 




6 


D4 


direct 


S5+ 


12 




7 


D5 


direct 


S6-f 


10 


<= 


8 


D6 


direct 


87- 


11 


<» 


9 


D7 


inverted 


C3- 


17 


<>*> 


17 


C3- 


direct (OC shared) 


Gnd 


25 




25 


Gnd 


(grovind) 



* Note: Control outputs used as inputs must be programmed high: CO, CI, C3 = and C2 = 1 [A future 
vmion of this document may sketch out the code to send and receive data through these connections] 

17. Cmpimtnag **prk^ei** ititm fimn meter MacMm 

A ccHnputer with a bidirectional printer port, connected with a Mode 2 cable to any standard port, could 
potentially pretend to be a printo* so as to ciq>ture the "fmnted" infcvmi^cm. It would configure its Data 
port for input, and set appec^a^ values on its Control Out to mimic a printer on the other computer's 
Status In lines. In the general case, the problem would be detecting the very brief -Strobe pulse; this 
would either require an external TTL latch triggered by -Strobe (either edge), or some way to sense a 
quick pulse on tiiat line. In tiie letter case, a revised amnection (adl it Mode 2B) could comiect tbe 
"printing" computer's -Strobe (CO*) line to the receiving computer's -Ack (S6+) line; the trailing edge of 
the printing computer's -Stobe would generate an interrupt on the receiving computer. I have not tried 
this. Of course, the +Busy line would also be needed to avoid data overflow; perhaps it onjld be kept 
1^ (busy) most of the time, tnit pulsed low after readii^ data (vMeh ^«wxdd be lumfied by ^ IRQ 
routifw). [k vsybo^ has had soobms soeeeM witii lU^ let n»» know.} 

18. Controlling Outputs 

This can be easy; just use the Data Out TTL signals to control TTL level items. Unfortunately, they 
cannot source much current (providing positive voltage on the pin, relative to ground) - be carefid of the 
2.6 mA limit. Some LSI implmentations might ^low more or less than this (likely less). 



Dn Out — + 

1 + 

Sourcing Load (up to 2.6 oA 6 2.4 v) 

I- 

eround — 



If you have an external +5 volt supply, you have two options: use the Data Out pins to sink up to 24 mA 
fi-om your +5 volt supply, or use buflfo" diips to control (source or sink) m<we curroit (or higher 
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voltages). I have used an extoranl 5 Vdt supply (regulated widl wart) ^us q}tocoiq>led sdid state rdays 
as the "load", to cc»itrai AC vdti^ ^eeq} ^ AC vokn^ wmy %am Hoy of 3»s lo#c levtA stufi^ 
obviofK^). 

H (+5 V) 

1 + 

Sixticiiig Load {v^ to 24 mA. @ 4.2v} 

I - Power Supply 

Da Out + 



Sround — — — ~ ( Gnd) 



Use limiting resistors if you need to limit the current. If the load were an LED (or optocoupler) through 
which you wished to put 20 mA, do the calculati(»is. The Dn Ou^ut will probably be around 0.7 volts, 
so you have about 4.3 vdts of drop; the LED wll drop about 1 .9 v (check specs!), leaving 2.4 V to be 
^Xopped by a resistor at 20 mA: 120 ohms. Test and measure, adjust to fit. You can also use the Control 
Out pins. They can't source much of anything (about 1 mA through the 4.7K resistors to +5), and can 
only sink about 7mA. (The LS TTL gate actually sinks 8 mA, but <»ie is taken up by the 4.7 K reastor to 
+S). Again, ^ndc on dooes with diffierent decticid ^ecs. Hiis can coBmH TTL inputs fine, and mi^ 
be able to run an c^ocoupler or solid state relay in sink mode (depends on the device). In one 
application, I used two 74ACT374 latches, which can source 48 mA or sink 64 mA. I connected the 8 
inputs of each to the Data Out, and the latch clocks to two Cn outputs. In software, I put out 8 bits of 
dirta on the Data Out port, pulsed a Cttt^to lirtdi it into tme 74ACT374, put the next 8 bils oi^ m IHto 
Out, and used the other Cn bit to latch it into the other 74ACT374 - voila, 16 bits of 64mA output 
control. Of ctmrse, this took a separate +5 V power supply ($5 surplus regulated wall wart). If you can 
still find an old TTL parallel port (especially with sockets), you can substitute the 74ACT374 diip for 
the original 74LS374 and get better drive capability. The back of magazine suppliers were selling 
socketed* TTL based parallel ports for about $15 a few years back; by cutting a trace and soldering a 
jumper you could make them bidirectional; by plugging in a $1 chip you could make them source/sink 
4S/64 mA. You mig^ still fiad such TTL parallel port canb in old PCs. Typically, one designed for tlie 
ori^od PC win stiO woffc &ie OB tiie ISA bus dTyoiff 4801X2^, ae d^ 

19. Sensing switches 

There are several ways to sense external swit^^es via a parallel printer port. If you are deti^^ mtfa 
naked switches, the simplest is actually to connect up to 4 switches between the control outputs (pins 
1,14,16, and 17) and gr(Huid, program the control outputs high (counting inversions), and use the contrd 
fimftfldk n^ster to read switdi stste (counting inversions). Tlus is because the pull-up reasters are 
dfesdy ia^desmled tot tfie opoB cofiector Co^^ Out i^is. 

Cn Out + (Prograa output high; read feedback) 

1 

I 
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Ground + 



Another simple method would be to use up to 5 puUup resistors (4.7K) from the Status inputs to +5 
volts, and use switches to pull these down to ground. One disadvantage of this is that it uses an external 
+5 supply. TTL inputs tend somewhat to float high, so you *might* get by witibout ti^ pullup resistors, 
biA yoa ne pi^ii!^ it 



4.7K 

Sn In — r — — (+5 V) (Read status register) 

I 

switch 

I 

Ground — (gnd) 



You could use this same scheme for 8 inputs on the data lines of a bidirectional printer port - but you 
have to be sure that the ou^uts are tristated beforehand, or your switches may damage the 74LS374 (ot 
equiv). This latter may be a problm after booting or rebooting. One approach is to use currmt limitii^ 
resist(»s in series "just in case". You should ideally still have pullup resistors too. (Jim IK value is 
^Men for LS TII^ to Ikeep llie 2.4 V itt 80 mcfe ifaaa 2.4 11^ 



IK 4.7K 

Dn Out „_AAAAA +_ AAAAA__ (+5V) 

I 

Switch 

\ 

Ground • + (Gnd) 



20. Optocoupled inputs 

Tobewritteo. 

21. MaUix scaomi^ 

In an upcmning project, I want to use a 4x4 keypad as an input In tins type of keypad (warning: thore 
are other types), each key makes a connection from one row to one column, when pressed. Nfy first 
design has the "columns" connected to the 4 Control Out pins, while the "rows" are connected to 4 of the 
Status Inputs. Normally, all 4 control outputs were pn^anuned high, but to scan the keypad, I would 
tower one amtrd oi^mtatatime, mid the 4 stii^ inputs at time. 1^4 status iap^ are each 
pulled high to +5 volts via a lOK resistor, or left to float. (Use Dn plus Fesist(»^ rather thm -fS mieaai 
aipply?) This scheme could be expanded to as large as 4x5 (4 Cn otriputs, 5 Sn inputs). 
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10 K 

54 X X X X — — + (+5) 

55 X X X X — '^^^'^^ — + 

-.^ ..X X X X — — + (these pilXups ©ptiOBai?) 

§7 X X X X— + 

I I i I 

C3 -+ I I I Scam one Cn low at a time, read Sn each time 

C2 + I I 

Cl ^—4- I 

CO + 



Alternate scheme. Use Dn's for scanning ou^ut rows, through diodes which will isolate th^ from each 
oifaer if two keys in tiie stme ccimm are pressed. (Odberwise we have drivo^ fighting, and 
indeterminate voltage levels). Gmnanium small signal diodes have less voltage drop. Use the Cn pins as 
inputs (with existing pullups) - program Control Out for high TTL levels, and read tiie feedback regist«- 
fw input (counting inversions). No extra power supply is needed. The diode between TTL output low 
md TTL inimt low vnll push the TTL ndse m^ns, but you can u^Iy get by wiA it TMs sdtoae 
could be expanded up to 8x4 (8 Dn outputs, 4 Cn used as inputs). If we Ismm ikM caky mm hef (i»f 0m 
key p^ cdumn) will be pressed at a time, the diodei am be (xnitted. 

111914 



00 Kl X XXX (set all cn high), 

Dl |<1 X XXX Scan one Dn low at a time, read all Cn 

D2 1<| X XXX 

03 j<j X XXX 

I I i I 

C3 + I I I 

C2 + I 1 

Cl + J 

CO ^ + 



Note that if we press three switches in the matrix wfaidb foim 3 corners of a box, it will appear as if all 4 
coc^fs are pessed; this is true of any such matrix, wAmt hm 'M mm ib^. I Irape lo hme 

soiae «^idt5 to in a remion of ^8 doc. 

22. Tutorial on TTL outputs 
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Id response to request here is a brief tutorial on chip outputs. As a pn^ace, it is ccMiveati<Mial to Ascuas 
current as flowing from positive to a^a&ve, even though we know Ml wed tilmtdtoclPom usually mem 
k tiie o^XMBte (ireci@asi if s jiot a cciiPt^^^ 



+5 +5 
/ \ 

H / external ceslstor 

\ \ 

I / 

I out I out 

/ / 

X. —-t, 

\ \ 

Gnd dad 

Toten Pole Open Collectoc 



Regular TTL outputs basically consist of a two "stacked" transistor in series between +5 volts and 
ground, with the output coming from the connection between them. This is called a "totem pole output". 
At any given time one of these transistors is conducting and the other is not. To pull the ou^Hit "hig^", 
llwtnmnstorfiroin +5 totiie output coi^icts (H), wMdh "soinx^s" positive cunCTtfirom the ou^nrt to 
ground (that is, an external device between the output and ground ^11 get pow^). To pull the output 
low, only the lower transistor (L) conducts, "sinking" current to groimd; an external device betweon +5 
volts and the output can be «iergized. Current flows into the chip for low, out of it for high. 

+5 

/ t 
H on V 

\ ~> 

I TTL output on * 1 = hlgbr "sourcing" current 

I out \ 

/ / 1 

L off \ V 

\ / 



http7/www.timgoldstetacoiii/CNC/ParalletPofiPriiBer.lttBi 



8/15/2003 



IBM Parallel Port FAQ/Tutorial Veruon 0.96 



Page 19 of 20 



+5 



/ 



B off 



/ I 



\ 



\ V 



/ 



TTL output off - = low, "sinking 



" current 



< — out 



L on 



\ 



V 



Gad. 



The / pttli low current capadty (aiiddog) is larger than the 1 / pull capadly (soiHC»ig). If you 
want to drive something like an LED, or a solid state relay, you can get more current from the TTL 
outputs by connecting it between +S ami tibe gate output (second picUire) - *if* it's electrically isolated 
frran groiuid. You sdll have to chet^ Ihe cinrait and voltage ratings, tho. One hen is Ifaaft the diip is 
always trying to pull either high or low, and Ae currently conducting transistor has voltage and current 
limits, beyond which it can be damaged. It is not good design to connect two such outputs which may 
have differrat states - cme pulling high and one low - because this will exceed the current ^ecs. 
Howew, if you do, tlie one p^ing low win 'Sh^o", siiK» TTL can sink (piM low) more stnm^y than it 
can source (pull hi^). And tiiere is some slack in the specs, so this does not always immediately 
damage the chip; we'll get back to this. These are the type of outputs on the DATA lines on the original 
IBM parallel port. (Well, not exactly, but I'll get back to that too). Another type of output is the "open 
cdUectm^. In this case, there is a tran«stor from the output pin to ground, but none to +5 volts. The two 
states are 0, "conducting to groxmd" (pulling low), and 1, "not conducting" (floating, not pulled either 
way). Ext^nally, you can connect a resistor of proper value between the line and +S \oits to pull the line 
lttg)i vihm the chip output is floating. The value is dio^ sask that vfbm Ifae output is ccmdiKting to 
ground, it ovopowers the external resistor and the line goes low. The advantage (^this scheme is that 
you can connect multiple open collector outputs together (or even slip in one totem pole). Every output 
that is floating is ignored (and the resistcu* will pull the line high if and (xaiy if all ou^uts are floating); 
multij^ (»itputs pulling low cai^ no inflict. This is the type oioaipui vaed foe CONIHOL lises in 
the (mginal IBM parallel port. Since each parallel port control output line has a corresp<mding feedback 
bit that can be reaid (mainly for diagnostics, to see if the line really goes high or low), it is possible to 
program these CONTROL outputs "high" (really floating), and then allow external signals control the 
high or low state of the line. An external open collects' outpirt, or a totem pde cme, is ci^^at^ pdling 
the line high (reinforcing the pullup resistor) or low (overpowring it) without exceeding current specs. In 
this way you can use the control Unes as inputs. If there is no external signal, it will read high. However, 
you must program the CON1ROL outputs high (taking into account any logical inversions between die 
raster bits and the electrical outputs); if the open cdlector output is low (conducting to grauadX it» 
ea^temal signal won't be able to pull it high (or at least not without exceeding the specs). The same thing 
can be done with tat&a pole (Hitputs - program tiiem high, and let external logic pull than high (no 
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overioading the H tranastor, n^er tlum a pullup reasUM*, md exceeding spec, vtiA possiMe umrdital»lity 
0[ damage. However, this has been successfully dcme with the data ouQmts of a conventional pmdtci 
port, and some people claim not to have seen any damage yet. Don't blame me if you do it and 
something dies. A tiiird type of gate is a totem pole in which both high and low transistors can be non- 
cooductii^ at once, oestii^ a Mrd, flo^g state (tins is olteo edited a tri-stale ou^xit). When it is in 
Ms third state, the line is not being pulled high nor low by this device, and thus can be safely controlled 
by some other device. No pullup resistor is used. The 74LS374 chip used for the standard parallel port 
DATA outputs actually has tristate ability, but as described elsewhere the third state is not used, and it is 
alwi^ trying to pull Ugh or low - tims my imtiid ^scripti<m vi ^ DATA lines as totem pde drivers. 
The way true bi<tirectional parallel ports work is to allow the software to selectively put the DATA 
outputs into the third, undriven state. Then you can use the data feedback register to read whatever highs 
or lows are put onto die data lines ex^ally . Non-TTL lo^c, like CMOS, has the equivalents of these, 
but with a different type of transistor, and different voltage and current values. If your parallel port uses 
a single chip or otherwise differs from the original IBM parallel port, the above electrical description 
cannot be guaranteed, but it is prc^ably pretty analogous. Let me know if you have specific knowledge 
aboitf tiie decdcal specs of your single chip parallel port, fw futisre vtmom oi Ms docimi^. Note 
again that high and low in this description are electrical levels, as would me measured by a voltmeter on 
the pins; high is associated with TTL logic 1, but whether a given CONTROL output line is high when 
the corresponding register bit is 1 or varies with the line, as is described elsewhere in this document 
The DATA Ums are strai^ tiircwgli, iK> invem 



23. Contributors and Information Needed for future revisions 

My thanks for information, proofreading and suggestions from: scharf@mirage.nsc.com (SteivaaM. 
Scharf) cgd@ecmwfco.uk (Dick Dixon) rstevew@armory.com (Richard Steven Walz) 
geo@netcom.com (George Pontis) jmorriso@bogomips.ee.ubc.ca (John Paul Morrison) For the future: I 
would tike spetx on ^ various oihanced {»inter ports and diiiMtets. I would iqypiedate tn^MSM^n on 
how parallel port connected Ethernet interfaces, SCSI interfaces, tape backup units, sound cards, 
modems, and copy protection devices work (whidi pins used how), including how "transparency" is 
achieved (or not) on those with "passthrough". I would appredate info on data transfer programs, cables, 
and {Hotocols. I would like to hear about interrupt driven PC printer drivers, for DOS (Mr Unix or 
whatever (or why they don't woric). I would like to hear of "printer capture" software and hardware that 
uses printer p<Hts. I would like to know about differmces between "old standard" TTL paralld ports and 
^ LSI ii3^«^^idkais (spedfic c^p specs iiK^u^). I wodd Uk» to hear of ycair intoning prefects, 
smmiMotmBt AMaieemst, Fd Mla» to haarahouthiip and hmammm m Ms doeianaai (Ctendiy) 

24. Differences 

Version 0.92 corrected two minor typos which were kindly brought to my attenti(» (D2 in place of C2 
in one place, and 7505 in place of 7405), and reformatted some long lines. Version 0.94 added a tutofial 
on TTL outputs. Versicm 0.95 corrected the section on data xfw cables for Laplink style programs. 
Vernon 0.96 comccted still more typos. « mi ofYmim 0.96 9/1/94 Zhahai Stewart 
pwpoft@lttsys.<xiBi 
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